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ABSTRACT 
Extinction of a species is difficult to detect, yet there are important conservation consequences of 
classifying an extant species as extinct or an extinct species as extant, and potentially significant 
costs of making the wrong classification.  To deal with the uncertainties of detecting extinctions, 
some Critically Endangered species are tagged as ‘possibly extinct’ in the IUCN Red List.  
Recently developed methods allow calculating the probability that a species is already extinct, 
P(E), based on threats, time series of records of the species, the intensity of targeted surveys and 
other factors.  We review the potential costs and benefits of classifying extinct and extant species 
as extinct, possibly extinct, and extant. Benefits of correct classification include the correct 
estimation of extinction rates, correct analysis of extinction correlates, appropriate allocation of 
resources, and (if extinct) the recognition of loss of the species.  Costs of incorrectly classifying 
extant species as extinct include the "Romeo error" (premature cessation of conservation, leading 
to the possible extinction of the species), and the loss of scientific credibility upon rediscovery of 
presumed extinct species.  Costs of incorrectly classifying extinct species as extant include 
inefficient use of resources and underestimating extinction rates.  Based on these costs and 
benefits, we propose a framework for setting thresholds of P(E) for classifying species as extinct, 
possibly extinct, and extant.  
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1. Introduction 
Extinction of a species is difficult to detect, yet there are important consequences of 
classifying a species as extinct and potentially significant costs of making the wrong 
classification.  The International Union for Conservation of Nature (IUCN) has defined the 
category Extinct (EX) to be used when ‘there is no reasonable doubt that the last individual has 
died’ (IUCN 2001). Listing a species as Extinct on the IUCN Red List requires that exhaustive 
surveys have been undertaken in all known or likely habitat throughout its historic range, at 
appropriate times (diurnal, seasonal, annual) and over a timeframe appropriate to its life cycle 
and life form (IUCN 2001, 2017).  
Listing a species as Extinct (EX) on the IUCN Red List has significant conservation 
implications, because the IUCN Red List is widely regarded as the most authoritative system for 
classifying extinction risk (Rodrigues et al., 2006) and conservation measures, protective laws 
and resources are usually not applied to species believed to be extinct (e.g. U.S. Endangered 
Species Act 1972, European Union Birds Directive, Australian Environment Protection and 
Biodiversity Conservation Act 1999). On the other hand, failing to list extinct species as Extinct 
also has consequences, notably wasting resources on species that can no longer benefit from 
them and the underestimation of extinction rates, which are often used to report on the state of 
the environment and loss of biodiversity (Butchart et al., 2004, 2007, 2010; Commonwealth of 
Australia 2006, Rockström et al., 2009, SCBD 2010, UN 2010). To deal with this issue, Butchart 
et al. (2006) proposed a ‘possibly extinct’ designation as a tag added to the Critically 
Endangered (CR) category, CR(PE), to identify those species “that are, on the balance of 
evidence, likely to be extinct, but for which there is a small chance that they may be extant and 
thus should not be listed as Extinct until adequate surveys have failed to find the species and 
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local or unconfirmed reports have been discounted”.  IUCN adopted this in 2008 (IUCN 2017).  
Taxa identified as possibly extinct are therefore included as an upper bound on the number of 
recent extinctions to indicate plausible uncertainty in contemporary rates of extinction (Butchart 
et al., 2006; Tittensor et al., 2014, IUCN 2017). 
The categories EX and CR(PE) can be defined in terms of the probability that the species 
is already extinct, P(E), which in turn can be estimated from data on threats (Keith et al., subm), 
observation records, and targeted surveys (Thompson et al., subm).  The aim of this paper is to 
present a cost-benefit framework for determining the threshold values of this probability for 
placing a species in the categories EX and CR(PE).  
In principle, if P(E) can be calculated, there is no need to put each species into a 
category. Instead, one could simply cite P(E). In other words, given the uncertainties involved in 
establishing that an extinction has occurred, there is no theoretical reason for defining categories 
and determining thresholds of P(E) that separate them. Similarly, if extinction risk, the 
probability that a species will go extinct in the future, can be quantified, there is no need to put 
species into categories of extinction risk, such as Endangered and Vulnerable.  However, there 
are practical reasons for using categories: it translates probabilities into natural language, making 
them easier to comprehend and communicate. Such language-based categories are used in the 
IUCN Red List not only for extinct and possibly extinct categories, but also for threatened 
species categories.  The success of the IUCN Red List in communicating threats to biodiversity 
to the general public can be attributed in part to the use of categories instead of numerical scores.  
Language-based categories are also applied widely in risk analysis in other domains (e.g. Watson 
1998, Ayyub 2001). In addition to facilitating communication, the use of categories provides a 
platform for analysts to make subjective judgments of risk in circumstances in which data are 
 6 
scarce. Many analysts may be more comfortable assigning a species to a risk category, than 
attempting to quantify P(E). 
If the broad objective is to minimize the overall costs of incorrect decisions, then the 
thresholds of P(E) between EX and CR(PE) and between CR(PE) and CR should depend on the 
relative costs and benefits of making these listings for species that are actually extinct and 
actually extant.  In general, a larger cost for listing an extant species as EX suggests a more strict 
(restrictive) criterion for EX (a higher P(E) threshold), so that only species that have a very high 
likelihood of having already gone extinct would be listed as EX.  On the other hand, a larger cost 
of listing an extinct species as threatened suggests a less strict criterion so that any species with a 
reasonable likelihood of having already gone extinct would be listed as EX.  Thus, a careful 
examination of these costs and benefits is essential for determining appropriate thresholds.   
The costs and benefits, in turn, depend on how listings are used (see Table 1). They have 
two important applications: (a) to decide which species to incorporate into analyses of extinction, 
its rates, causes and correlates, and (b) to determine which species should receive conservation 
resources (for searches for surviving populations and for interventions to improve their status). In 
general, only species listed either as EX or as CR(PE) are used in calculating rates of extinction 
and other analyses of extinct species (e.g. traits or other properties that characterize extinct 
species, threatening processes driving extinction, geography of extinctions) (Baillie et al., 2004, 
Butchart et al., 2006, BirdLife International 2010a, Szabo et al., 2012; Tittensor et al., 2014). 
Another approach, discussed below, is to weight each species in such analyses by its P(E).   
Resource allocation for species listed as CR(PE) may be prioritized by cost-effectiveness 
analysis (e.g. Joseph et al., 2009; Table 1).  For possibly extinct species, the expected benefits of 
an activity would incorporate the probability that the species is not already extinct. Resources are 
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usually made available for surveys designed to find whether (and where) CR(PE) species survive 
(e.g. BirdLife International 2010a), and for conservation actions in the areas where the species is 
expected to remain extant if these are well defined (e.g. Alliance for Zero Extinction sites: 
Ricketts et al., 2005; or Important Bird and Biodiversity Areas: BirdLife International 2014).  
For birds, when there is considerable uncertainty over the location of potentially surviving 
populations of CR(PE) species, conservation resources tend not to be allocated for interventions 
without first conducting surveys to locate remaining populations (BirdLife International 2008). 
Although we focus here on species, the framework we propose can also be applied to other 
taxonomic units, such as subspecies. 
 
2. Costs and benefits 
As mentioned above, if an extant species is listed as EX (a ‘false positive’ error), 
protective measures that might have saved the species may be discontinued, causing the species 
to become more threatened, or even leading to the extinction of the species.  This has been called 
the 'Romeo Error’ (Collar 1998), a term first used in the case of the Cebu Flowerpecker, 
Dicaeum quadricolor.  The species was rediscovered in 1992 after 86 years without a record 
(Dutson et al., 1993) and presumed extinct at least 40 years earlier (Magsalay et al., 1995).   
It is almost impossible to know if a species has become extinct via a Romeo Error, 
because it would require knowledge of the true date of extinction for a species that was 
prematurely listed as EX, the final event or threat that caused the extinction, and whether this 
event or threat could have been prevented if the species had been listed as CR or CR(PE) instead 
of EX. However, there are examples of species that have become more threatened as a result of 
being listed erroneously as EX.  For instance, during the 40 years the Cebu Flowerpecker was 
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presumed extinct, its forest habitat continued to be substantially reduced in extent and quality 
through clearance for agriculture and removal of timber and firewood (BirdLife International 
2010b).  It is likely that this species would currently be more secure had its existence been 
known and its habitat protected during this time, given that conservationists intervened to protect 
other Philippine endemics during this period. 
Another example is the Leadbeater’s Possum, Gymnobelideus leadbeateri, which was 
described in 1867 and was thought to have become extinct by the early 1900s (Le Souef and 
Burrell 1926, Troughton 1947).  Throughout most of the 20th century, much of its habitat of old 
growth forests was harvested by clear felling. It was rediscovered in 1961, and was later declared 
endangered in Australia based on past and predicted future declines due to habitat loss 
(Lindenmayer et al., 1991, Lindenmayer and Possingham 1994). The conservation requirements 
precipitated changes in forest management practices after the 1980s (Macfarlane et al., 1997, 
Lindenmayer 2009).  It is likely that these changes in forestry practices would have been 
implemented earlier if the species had not been presumed extinct.  
There are other costs of listing an extant species as EX (Table 2).  One is the loss of 
public confidence in listings if species are rediscovered (Roberts & Kitchener 2006).  It is 
important to note that the cost we are concerned with here is not the cost to scientists (e.g., the 
loss of face of the experts who made the original EX listing), but the conservation costs that 
result from loss of credibility (i.e. ‘crying wolf’)—for instance, if subsequent estimates of 
extinction risks and extinction rates, or other assessments of threat status made by scientists are 
not taken seriously by the public or government agencies, it may lead to weaker conservation 
measures for other species (Mann 1991; Kottelat 1994; Hobbs and Mooney 1998; Pye-Smith 
1999). Such losses of credibility occurred following publicity around errors in the 
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Intergovernmental Panel on Climate Change (IPCC) reports (Hanson 2010). Related to this is the 
cost of falsely blaming certain organizations (e.g. a timber company) or projects (e.g. 
construction of a particular highway) for causing a species' extinction, which may lead to costly 
litigation when the species is rediscovered or to the subsequent disregard of cautions about the 
possibility of similar projects causing other extinctions.  
The rediscovery of species declared EX (the Lazarus effect) is rather common (Keith and 
Burgman 2004). Indeed, Miller et al. (1989) noted several examples of North American fishes 
that had been considered to be extinct only to be “rediscovered by surprised scientists.” 
However, in many cases rediscovery requires considerable search effort. The rediscovery in the 
wild of the Mangarahara cichlid Ptychochromis insolitus in 2013 was only possible through a 
focused program of international consultation and fieldwork (Zimmerman 2014). The shrub, 
Haloragodendron lucassii, was rediscovered in a forest remnant within suburban Sydney 
(Australia) in 1986. An absence of records since 1926 had led to its Extinct listing. It was 
rediscovered when an amateur botanist was motivated to search for the species after its details 
were published in a book featuring extinct and endangered plants (Leigh et al., 1984). This story 
of rediscovery suggests that publicity associated with EX listings may sometimes have benefits 
in stimulating additional search effort (Moore 2014). In addition, the publicity associated with 
Lazarus species could potentially generate financial and political support to prevent the species 
from becoming extinct, although equally that publicity can create threats that were previously 
absent (Meijaard & Nijman 2014). 
In the case of umbrella (or flagship) species, listing the species as EX and subsequent 
termination of conservation actions may lead to a “closed umbrella” effect: cessation of existing 
conservation measures for other extant species that may have been benefiting collaterally from 
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the conservation efforts for the umbrella species, and lost opportunities for future conservation 
actions, such as habitat restoration, that may benefit additional species. Leadbeater’s Possum, 
mentioned previously, illustrates the cost of erroneously listing an umbrella species as EX. The 
old growth forest on which it depends harbors many other forest and old-growth dependent 
species. The perception that this important species was already lost meant that many such forests 
were logged, with concomitant consequences for the associated species. 
Another cost might be anthropogenic Allee effect (Courchamp et al., 2006), if an 
erroneous EX listing causes increased demand for a species, e.g., as a collectible item.  Although 
we did not find any specific instances of this, increased trade in species proposed to be uplisted 
to a more restrictive CITES status (Rivalan et al. 2007), higher price of rarer species (Courchamp 
et al. 2006), and wildlife traffickers stockpiling in the hope of profiting from the extinction of the 
species (i.e., 'banking on extinction'; Mason et al. 2012) suggest that it is a strong possibility. 
There are also costs associated with failing to list an extinct species as EX (a ‘false 
negative’ error; Table 2).  The most important cost is inefficient allocation of resources to a 
species that can no longer benefit from conservation measures. In some cases, other species may 
benefit from these misdirected conservation measures, but it is likely to be an inefficient use of 
resources. As with the Lazarus effect, there may be a loss of reputation and credibility when it is 
eventually realized that a species has been extinct for some time.  A notable recent example is 
that of the Ivory-billed Woodpecker, Campephilus principalis, purportedly rediscovered in 2004. 
Millions of dollars were spent on its conservation (Mikusinski et al., 2010) and development of a 
recovery plan (USFWS 2010).  However, after 5 years of intensive searches and no subsequent 
records after more than a decade, many believed that the claimed rediscovery was a case of 
“mistaken identity” (Dalton, 2005, 2010).  
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If we fail to list an extinct species as EX we will underestimate current extinction rates. 
For example, extinctions documented on the IUCN Red List are likely to be a significant 
underestimate, even for well-known taxa such as birds (Butchart et al., 2006, Szabo et al., 2012). 
Similarly, Bruton (1995) believed that the numbers of extinct (and threatened) fishes may be 
significantly underestimated. This can lead to a falsely optimistic perception of ongoing threats 
and diminished motivation to reduce them. However, this cost could be significantly lower if 
consistent criteria are used to list species as CR(PE), and if such species are used in estimating 
extinction rates (Table 1). Below, we demonstrate how bounded estimates of extinction rates can 
be calculated from such categorizations. 
The same types of costs apply to wrongly listing a species as CR(PE), although to a lesser 
extent.  If the species is actually extinct, the resources allocated for it may be limited to searches 
(which are needed to confirm its status) if the locations of surviving populations are too 
uncertain to focus conservation interventions (Table 1). If the species is extant, including it in 
extinction analyses may not create substantial errors if the number of CR(PE) species are 
appropriately weighted (see below). 
 
3. Probability thresholds for listing criteria  
The costs and benefits discussed above are in the same units: the number of extinctions 
caused or avoided.  Some of these costs and benefits (e.g., appropriate resource allocation or loss 
of scientific credibility) may appear to involve financial or other types of units, but they are 
considered here only in terms of their eventual effect on species conservation, in units of the 
future number of extinctions, treating all species equally.  Although the common unit makes this 
framework conceptually simple, it does not necessarily mean that it is easy or even possible to 
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quantify the costs or benefits, because of lack of knowledge on how each factor relates to 
extinction rates, and because of the uncertainties involved.  As noted above, it is virtually 
impossible to know the number of species that have become extinct as a result of the Romeo 
Error. Because of its more immediate connection to a possible extinction, this error is most likely 
to result in the highest of the costs we reviewed; thus, attempting to quantify the costs would 
only lead to an incomplete and biased calculation.   
Instead, we note that the overall conservation costs of listing an extant species as EX are 
likely to be far more serious than other errors, in terms of the number of future extinctions 
caused or avoided.  This is because there are more types of costs of this error than the others 
(Table 2), and because one of these (specifically, the Romeo Error) is likely to be more costly 
than others.  This suggests that the threshold of P(E) for EX should be quite high, perhaps in the 
range 0.90 to 0.99.  In other words, species should be listed as EX only if we are very certain that 
the species is actually extinct. We believe this attitude, comparable to favoring the “extant unless 
proven extinct” approach discussed by Diamond (1987), is consistent with the current practice of 
conservative use of this category in the IUCN Red List.  We recommend a threshold of 0.95; in 
other words, on average, the net cost of listing a single extant species as EX is considered to be 
equivalent to the net cost of failing to list twenty extinct species as EX. 
It is more problematic to determine an appropriate threshold of P(E) for CR(PE). On the 
one hand this should minimize the costs associated with underestimating extinction rates and 
potentially wasting conservation resources (suggesting the threshold should be quite low, 
perhaps 0.5 or lower). On the other hand, a low threshold may lead to a very large number of 
species being listed as CR(PE), the rediscovery of many of which (the Lazarus effect) may cause 
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the loss of credibility and accusations of ‘crying wolf’. This would suggest a higher threshold, 
perhaps as high as 0.8.  
We emphasize that both thresholds are necessarily subjective.  Just as in the case of 
thresholds of future extinction risk that separate extant species into threat categories (such as 
Endangered and Vulnerable), there is no theoretical reason why the thresholds discussed here 
should not be subjective (Collen et al., 2016; IUCN 2017). Therefore, we recommend a process 
of testing and consultation to determine the numerical values of these thresholds to be used in the 
IUCN Red List. Work is currently underway to estimate P(E) for all current and candidate 
CR(PE) bird species (updated from the list considered by Butchart et al., 2006), and these results 
plus those for a sample of other taxa should inform the recommendation for a threshold, which 
we suggest should then be ratified through a wide consultation process that involves 
conservation scientists and practitioners. 
 
4. Estimating extinction rates 
In this paper, we define extinction rate as the proportion of species (in a taxonomic group 
or in a region) that have gone extinct since 1500 (we discuss time frames below).  If the 
probabilities of extinction of all species of conservation concern can be estimated, extinction 
rates should be based on the sum of these probabilities, rather than simply summing the numbers 
of species in various categories.  This way, the estimated number of extinct species would be 
independent of the thresholds of P(E) for EX and CR(PE).  The proposed calculation is 
demonstrated in Table 3.  The sum of P(E) is an estimate of the number of extinct species; the 
extinction rate for the group is calculated by dividing this number by the total number of species 
in the group (Table 3).   
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If P(E) is not calculated for some species that are listed as EX or CR(PE), then the 
extinction rate should be calculated by assigning a weight to each such species.  The weights 
should be based on the average P(E) for species in the same taxonomic group with the same 
listing, for which P(E) has been calculated.  This assumes that the subset of species for which 
P(E) has been calculated is an unbiased, representative sample of the full set of species in the 
group that qualify for EX or CR(PE). If there are no (or very few) species in the group for which 
P(E) has been calculated, then the weights should be based on the midpoint of the range of P(E) 
for that category.  For example, if the P(E) thresholds are 0.95 and 0.5, for EX and CR(PE), 
respectively, then the weights should be 0.975 (mid-point of 0.95 to 1.0) and 0.725 (mid-point of 
0.5 to 0.95), for species listed as EX and as CR(PE), respectively. Alternatively, if the P(E) 
threshold is 0.8 for CR(PE) then the weight should be 0.875 for species listed as CR(PE). 
EX listings in the IUCN Red List include species that have gone extinct since 1500, so 
extinction rates based on the IUCN Red List are calculated over a time period of about 500 years.  
However, if extinction times can be estimated for all species in a group, extinction rates can also 
be calculated over shorter or longer time periods (e.g. Butchart et al., 2006 and Szabo et al., 
2010 calculated rates for birds over 25-year periods since 1500).  For example, to calculate the 
extinction rate over a 100-year period up to 2015, species that are believed to have gone extinct 
before 1915 would be excluded, and P(E) would be summed over the remaining species in the 
group, and the sum divided by the number of species believed to have been extant at the 
beginning of the time period.  
 
5. Dealing with uncertainty 
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Using probability thresholds for EX and CR(PE) could exclude species that are extinct 
but are listed as CR because the estimated probability that they are already extinct is below the 
threshold for CR(PE).  Depending on the thresholds, this may omit a relatively small number of 
extinct species from these categories. Of potentially greater concern is the number of Data 
Deficient species (see IUCN 2001) that may be extinct. However, Data Deficient species 
generally have no plausible threats based on direct information or indirect inference, e.g. from 
known trends in habitat (otherwise they would be listed as threatened), so should be unlikely 
candidates for extinction (Butchart and Bird 2009).  The exceptions are those species listed as 
Data Deficient because they are of unknown provenance, in which case it is impossible to make 
any judgment about the likelihood of any threats. For example, Bogota Sunangel Heliangelus 
zusii is a hummingbird known from a single specimen purchased in 1909 in Bogotá, Colombia 
(but which may have come from as far as Venezuela or Peru: Graves, 1993; Kirchman et al.,, 
2010). The Coppery Thorntail Discosura letitiae is another hummingbird known only from two 
specimens taken prior to 1852 (Bourcier and Mulsant, 1852) and labelled as from Bolivia (but 
which could have come from adjacent countries: Graves 1999). A proportion of such species 
may in fact be extinct. As such species are specifically flagged on the IUCN Red List, extinction 
rate estimates could be modified to include the number of such species multiplied by an 
extinction probability of 0.5, assuming about half of them might already be extinct.  For most 
taxonomic groups, there are very few such species, therefore the uncertainty around this 
assumption would have minimal effect on the estimated number of extinct species, although 
misclassification could have significant implications in individual cases. 
Setting the P(E) thresholds requires considering the types, amount and quality of 
information used in the estimation of P(E).  If the probability of extinction is estimated as the 
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union of many uncertain events, all of which are estimated to two or fewer significant figures, 
very high thresholds such as 0.99 may fail to capture any species as extinct. Conversely, if 
qualitative information (such as life history traits or threats) is used to inform quantitative 
estimates of probabilities, or crude correlates of extinction or simple models are used to infer 
P(E), lower thresholds for EX may capture too many false positives.  The number of false 
positives depends on how biased these correlates or estimates are, the direction of the bias, how 
they are interpreted by assessors, the relationship of the correlate to mechanisms causing 
extinction and how qualitative information is converted to numerical probability estimates. This 
can be the case despite assignment of uncertainty bounds on P(E) estimates or their constituent 
parameters. Hence, application of a P(E) threshold should be coupled with compatible and 
consistent methods for estimating P(E).  We discuss such a method in the next section. 
 
6. Applying the proposed approach 
The usefulness of the cost-benefit framework presented here and application of P(E) 
thresholds for EX and CR(PE) depend on unbiased estimation of P(E) with methods that are both 
practical enough to be applied to species in all taxonomic groups, and that make structured, 
consistent, and transparent use of all relevant qualitative and quantitative information. The 
previous papers in this trilogy outline two complementary approaches for doing this (Figure 1). 
To estimate P(E), Keith et al. (subm) use qualitative and, where available, quantitative 
information about the severity, duration and scope of threats and their interaction with the 
species’ life history traits which determine its susceptibility to these threats.  This is the “Threats 
Model” in Figure 1, and estimates P(E | threats).  Thompson et al. (subm) developed a 
quantitative approach that uses a time series of records of the species (and the absence of records 
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resulting from passive surveillance in the intervening years) to calculate and iteratively update 
P(E), including propagating the uncertainties associated with each uncertain record. This is the 
“Records Model” in Figure 1. If the species was subject to targeted surveys designed to detect it 
after the last known record, or to surveys within its potential range with a chance of 
opportunistically recording it, Thompson et al. (subm) modify P(E) based on the timing, 
comprehensiveness and adequacy of these surveys. This is the “Surveys Model” in Figure 1.  
The “Records Model” and the “Surveys Model” are used iteratively, depending on whether, in a 
given year, there was a record or a survey that did not result in a record (in other years, passive 
surveys are assumed). 
If the “P(E | threats)” model of Keith et al. (subm) was used to determine P(E) at the time the 
series of records commenced, then “P(E | threats)” can be used as the initial value, to be updated 
by the time series of records, using the  model developed by Thompson et al. (subm). However, 
in most cases the threats model will provide an independent estimate P(E) (as in the cases 
discussed by Keith et al., subm), rather than the initial value of P(E) for the Records model. If 
independent estimates of P(E | threats) from the Threats model and P(E | records, surveys) from 
the Records and Surveys models are available, the assessors should consider both estimates, 
including their uncertainties.  In cases with few and uncertain records and few surveys with 
limited spatial coverage, the Threats model of Keith et al. (subm) may be more reliable.  In cases 
with recent and reliable records, or several extensive surveys, the Records and Surveys model of 
Thompson et al. (subm) may more closely estimate the probability that a species is extinct, as 
defined by IUCN (“last individual has died”). 
In principle, the proposed framework can be used with any method of estimating P(E).  In 
practice, however, methods that use data on threats, observation records, and targeted surveys are 
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needed to determine the probability of being extinct for a wide range of taxa.  Keith et al. (subm) 
is the only approach that uses qualitative and quantitative information on threats to calculate 
P(E), and Thompson et al (subm) is the only method that uses data on both records and targeted 
surveys to do the same. These two approaches, used within the cost-benefit framework proposed 
here, allow categorization of extinct and possibly extinct species, and calculation of extinction 
rates (Fig. 1). 
 
7. Conclusions 
Assessing extinction status involves two kinds of decisions. First, there is a classification 
step in which species are categorized as extinct, possibly extinct or not extinct, based on the 
estimate of the probability that the species is extinct. A simple rule would compare the 
probability against the two thresholds, as discussed above.  
Second, there is the more practical question of how a decision-maker should act when 
making decisions such as allocating resources to conservation efforts. Here, the considerations of 
costs and benefits are critical. Of course, as has been said, these costs and benefits vary from 
case to case so that even if the probability of extinction is the same, decisions may differ. Table 1 
describes the broad ways in which listings are often used, but it is not intended to be prescriptive 
(except for the need to use weights for CR(PE)). The behavior of decision makers, following the 
classification of the species, is the domain of each jurisdiction and decision, because these 
actions involve a raft of social and contextual criteria that are independent of the estimate of the 
probability of extinction. This view leads us to recommend that one set of thresholds should 
apply for all species, even though the costs and benefits of decisions following classification may 
be case-specific.  As recommended above, these thresholds should be ratified through a wide 
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consultation process convened by IUCN that involves conservation scientists and practitioners, 
considering the cost-benefit framework we have outlined here. 
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Table 1. Use of listings in analyses of extinctions and in allocation of conservation resources 
 
Listing 
Use data from species in 
analyses of extinct species? 
Allocate resources for the species? 
EX Yes No 
CR(PE) 
Yes; should be weighted 
appropriately 
Yes for surveys; 
Yes for conservation if location(s) known 
CR No Yes 
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Table 2. Costs and benefits of listing a species as EX, CR(PE) or CR, if the species is actually extinct or actually extant. Terms in 1 
italics are explained in the text. 2 
Listing Costs and benefits of the listing … 
… if the species is extinct … if the species is extant 
EX 
Cost: Closed umbrella effect: cessation of collateral 
benefits if an umbrella species is no longer conserved. 
 
Benefits: (1) Correct estimation of extinction rates. (2) 
Correct analysis of extinction correlates. 
(3) Appropriate allocation of resources. 
(4) Recognition of loss of the species. 
Costs: (1) Romeo error: Premature cessation of 
conservation leading to the extinction of the species.  
(2) Crying wolf (loss of scientific credibility)—potentially 
higher cost with greater public interest for the species. 
(3) False accusation of individual(s)/ organization(s) as 
causing extinction, with possible backlash and lawsuit. 
(4) Closed umbrella effect: cessation of collateral benefits 
if an umbrella species is no longer conserved. 
(5) Anthropogenic Allee effect: increased demand, e.g., as a 
collectible. 
Benefits:  (1) Stimulating surveys by amateurs that may 
lead to rediscovery. 
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(2) Publicity surrounding rediscovery may generate 
support. 
CR(PE) 
Cost: Some waste of resources (for surveys, and 
potentially for conservation action, if location known, 
interventions implemented, and no/low collateral 
benefits). 
 
Benefits: (1) Correct estimation of extinction rates. 
(2) Correct analysis of extinction correlates. 
Cost: (1) Incorrect extinction analysis (unless P(E) is used 
instead of counts of species). 
(2) Crying wolf (see above, noting that the cost of this in 
relation to a CR(PE) taxon is lower than for one classified 
as EX. 
 
Benefit: Appropriate resource allocation 
CR 
Costs: (1) Inefficient use of conservation resources. 
(2) Underestimating extinction rates. 
(3) Loss of credibility (not as costly as crying wolf). 
Benefits: (1) Correct allocation of resources (may lead to 
avoidance of extinction).  
(2) Correct estimation of extinction rates. 
(3) Correct analysis of extinction correlates. 
 3 
 4 
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Table 3. Hypothetical example of calculating extinction rate for a taxonomic group comprising 5 
n=50 species, for each of which the probability that it is extinct, P(E), has been calculated.  The 6 
sum of P(E) is an estimate of the number of extinct species; the extinction rate for the group is 7 
calculated by dividing this number by the total number of species in the group, (ΣP(E))/n.  The 8 
listings are based on the thresholds of 0.95 and 0.5, for EX and CR(PE), respectively. Note that 9 
the calculated extinction rate is independent of these example thresholds.  CR listing means that 10 
the species meets IUCN Red List criteria for Critically Endangered (IUCN 2001), in addition to 11 
not meeting the suggested P(E) threshold for CR(PE). 12 
 13 
Species P(E) Listing 
Species 1 0.41 CR 
Species 2 0.82 CR(PE) 
Species 3 0.97 EX 
Species 4 0.34 CR 
Species 5 0.21 CR 
Species 6 0.02 CR 
Species 7 0.64 CR(PE) 
Species 8 0.95 EX 
Species 9 - 12 0.00 EN 
Species 13 - 20 0.00 VU 
Species 21 - 25 0.00 NT 
Species 26 - 50 0.00 LC 
Total of P(E) 4.36  
Extinction rate 8.72%  
 14 
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Figure 1. The proposed framework for calculating the probability that a species is extinct. The framework envisions using probability models that 
include information on threats, records, and targeted surveys to obtain, for each species, the probability that it is extinct and its listing, as well as the 
number of extinct species (as the sum of P(E)). The threats model, P(E | threats), is explained in Keith et al. (subm), and the other two models in 
Thompson et al. (subm).  The dotted arrows indicate that Records and Surveys models are used iteratively, depending on what occurred in a given 
year. 
